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ABSTRACT (:l//

Part I showed that (&) the type of anomely wes not critical in
computing deflection of the vertical if the Molodenski theory was used
and complete gravity knowledge existed, (b) what was critical was
extrapolation of gravity values between observation points, (c) the
complete Bouguer anomely with geologlc corrections provided the anomaly
which allowed the most reliable extrapolations, and (@) the normal
complete Bouguer anomaly provided the most readily derived values for
computation of deflections. 1In this part of the final report, Part II,
the procedure outlined in Part I is applied to the problem of inter-
polation of deflections of the vertical.

whiliye

In E?e Test Phase of—the—comtraet three astro-geodetic deflection
stations in the Rocky Mountain area of the western United States, vexme
utilized. These were deflection stations 102, 105, end 116 from
USC&GS Special Publication No. 229. Using the adopted procedure, the

’g deflection component was interpolated between stations 105 and 116
to obtain an inte:pplatedéf value at station 102, A comparison of
this interpolated<§ value w%th the astro-geodetiqéf value showed that
the two differed by onLy.gg“i Since the accuracy of the astro-

geodetic values probably do not exceed 1.2", the results were considered

highly satisfactory,
J—___’_// wysued
I yhe Application Phase deflection interpolation
%

was—garried-out in an area in the Alps chosen by ACIC, In this case
three deflection stations were chosen from a deflection of the verti-
cal map provided by ACIC. These were designated stations 1, 2, and 3
for convenience, Using the adopted procedure, thei;{deflection com-

ponent was interpolated between stations 1 and 3 to obtain a value at

station 2. As there were no individual deflection values given, the
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astro=geodetic deflections were estimated from a R deflection component

1 i
contour map with a 2,50" contéur interval, Because of the manner of

obtaining the astroegeodetic deflections, they are considered to have

an accuracy of the order of + ,5"

#oo this reason the difference between the computed and observed

1
f

T deflection components, .59“, has an uncertainty of :'1.0": Since
the difference again lies within the range of error inherent in the

data the results are considered entirely satisfactory,
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SECTION 1

GENERAL COMMENTS

In Paert 1 of the final report on work completed under contract
AF23(601)-4009 the final formulae for deflection of the vertical compu-
tation was given as

= =2 [ (ag' + 2mcon) 33 W) ¥ aw + aep  (1-1)

¢ TvQ Us [

o
(&4

vhere 0, is the gravimetric deflection in the angular direction 6

]
[}

mean radius of the earth
= theoretical gravity at deflection station
Ag' = complete Bouguer anomaly
k = universal gravitational constant
0 = density used in computing Bouguer anomalies
h = elevation of surface

s(¥)

¢ = central angle between deflection station and incremental

Stokes function

surface element 4w

ABpr = correction factor dependent on elevation near deflection
station dw = sin { dydA

A = azimuth angle from computation point

The formula for ASp cen be stated

3 . 5
ko 1h° 3 h
ABp = 2 I G- 3 ;3) cos % cos (r_,1) drdA (1-2)

where r = distance from deflection station to incremental surface
element,cos(ro, 1) = angle between the direction in which the deflec-

tion is being computed and direction of the surface element, dw.

FE=h~- 56 = elevation difference between station and surface element

The aim in the Test end Application Fhases of the contract wes
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to test formulae (1-1) and (1~2) in meking interpolations.of. deflections
of the vertical, In making the test deflection of the vertical inter=-
polations, optimum use was made of both astro-geodetic and gravimetric
informetion for computing & deflection at a point lying between sta-
tions where astro-geodetic deflections were available, If one had
complete knowledge of the gravity field and carried out the integrals
of (1-1) and (1-2) around the world to determine & gravimetric deflec=
tion at an astro-geodetic station, the gravimetric deflection would
be identical to the astro=-geodetic deflection ~« assuming the astro-
geodetic deflection was accurate and was referred to the same reference
ellipsoid as that used in computing the gravity sncmalies, The major
part of the deflection components at a station 1s due to the values of
the integrated quantities of equations (1-1) and (1-2) within a short
distance of the deflection stetion., This contribution of the near area
varies irregulerly from point to point, The effect of the gravity
field at greater distances, on the other hand, has less effect on the
deflection and is a smoothly varying function,
If we label the astroe-geodetic deflection as Qg and the gravie-
nmetric deflection as @g we can write
Py = 9 = chn * wgf (1-3)
where @gn represents the part of the gravimetric deflection obtained
by integration of (1-1) and (1-2) over the area near the
deflection station, and lying within a circle having a radius
ry described sbout the station,
and ¢8f represents the part of the grayimetric deflection obtained by
integration of (1-1) and (1-2) over the area lying at a dis=-
tance greater than rl frem the deflection station, The value

of ry will depend upon how much area it is desirable to retain in the

"near" part of the deflectioen, wgn. In general, the value of r, will




be controlled by the smoothness of the gravity field and the distance
over which deflection interpolation is to be carried out.

To obtain a deflection at en intermediate station lying between
two astro-geodetic stations, ¢gn is computed at each astro-geodetic
station by numerically evaluating the integrals of (1l-1) and (1-2)
between zero and ry.

Then at each astro-geodetic deflection station we can compute

Or = 9, - ¢ (1-4)
Since ¢% is a smoothly varying function, one can compute the value of
¢§ at the intermediate station by linear interpolation between the two
astro-geodetic stations., Then wgnés computed at the intermediate sta-
tion in the same way as it was at the astro-geodetic stations, added
to the interpolated ¢%value, and a complete deflection of the vertical
which we-shall designate,qga, obtained,

In many cases the orientation and origin of the ellipsoid to which
the astro-geodetic deflections are referenced differs from the Inter-
national Ellipsoid to which the gravity values are referenced. So long
as one desires the intermediate deflection to be referenced to the same
ellipsoid as the astro-geodetic deflections, this presents no problem
in carrying out the interpolation. In the case of a difference in ref-
erence ellipsoid, equation (1-3) becomes

9a = 0 + Doe = 0y

where Awe represents the angle between the normels to the two ellip-

+ @+ Age (1-5)
°f

soids at the point. Then at each astro-geodetic station we have

PF =9y - 9, = ¢p + Dy, (1-6)
°n

Since A¢eis a smoothly varying function, we can interpolate to get

¢E at the intermediate station and then compute ¢g there to again
n
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arrive at a 9 value at the intermediate station which is referenced
, a
to the astro-geodetic ellipsoid.
Rice has developed a method of numerically computing the value

of an integral of the form

. 360

¥
7y Jo I L p as8) %% sin Ydyda (1-7)

ay

where F can be any type of gravity anomaly. This method can be used
to evaluate the integral of equation (1-1).
In Rice's method a template such as indicated schematically below

is used.

The template is so set up that for each of the compartments
beyond the central circle one need only multiply the average gravity
anomaly in mgls of that compartment by the cosine of the angle between
the direction of the center of tyat compartment and the direction in
which the deflection i1s being computed and then by .00l to give the
deflection contribution of that compartment in seconds.

The effect of the central circle is then computed by using values
of gravity on the circle's perimeter to estimate the gravity gradient
within the circle. The details of the template and central circle
computation as used by Rice are given in Heiskanen .and Vening Meinesz
(1958) and are well knowvn to most geodesists., They will not be re-

peated here,




In the present problem the Rice template is used twice to compute
the effect of the area outside the central circle,

First the integral

-r_ 28001 g 280D 4 oyq yayan (1-38)
wwg o I x
Q o

is evaluated using Rice's template with average values of Ag' being
1irkad for each compartment.

The integral

360 Y4

E%%Q I f, 2xkoh Egéﬁl ¥ sin yayan (1-9)

is then evaluated using Rice's template in the following manner. A
normsl template calculation is carried out using the average elevation
for each compartment rather than a gravity anomaly. The final result
is then multiplied by 2nko to convert from feet to mgls and thus give
the correct deflection contribution of the integral.

A central circle calculation is then carried out to determine
the contribution of the central circle to each of the integrals of
(1-8) and (1-9).

As shown in Part I of this final report, for computation of the
quantity A © , one mey sum the effect of a number of annular compart-

P

ments,either the compartments of the Rice template or others. The

effect of a single compartment is given by

ko 1 =5 1 1
A(AR- ) = == AA cos(r 1) (_.._2 o = S (B=a o )
P Yq {Z rzz 35 rlz . Z } (1- 10)

where AA is the angular width of the compartment

and ry and r, are the inner and outer radii of the compartment.

2
One could, of course, establish any values one desired for AA

and for the various radii increments. If, for example, we use
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AA = 15° = .2617 radians, then equation (1-10) becomes

A(A® ) = +.6947 x 1072 cos (r DB’ (35 - 1)
P ] r,
22,42 x 10°® cos(x , DE (3, - 17) (1-11)
rl’ r,
vwhere h s given in units of thousands of feet and r; and r, are given

in km., If T is in km the constants in equation (1-11) become
-2 -5
+ ,2117x10 ° and - .8186x10
Ve shall call the term containing 33 the secondary correction and

the term containing 55 the tertiary correction. Let us see how these

quantities vary with r. We can write the secondary correction as

.2 23, 1 1 -
+.6947 x 107 cos(r_,1)E Gig- 32 = Flrpry) cos(r_, 1)k’
2
_2, 1 1
where Fl(rl’rZ) = ,6947 x 10 (——2 = ——7) (1-12)

r by
Then the following table gives th& value:%f F(rl, r2) for various

values of ry and rs in kms where h must be given in units of thousands

of Teet.

5, r, F(rl, r2)

km ¥m

.2 .5 14,5337 x 10° 2
.5 .75 1.5436 x 10™ 2
.75 1.1 L6614 x 1072
1.1 1,55 .2841 x 1072
1.55 2,18 1652 x 1072
2.18 3,07 .0709 x 1072
3,07 4,32 .0520 x 10”2

The tertiary correction can be written

e _ _

~2.4202 x 10" ° cos (r°,1)h5(_lz - _lz) = G(r;,r,) cos(r_,1)E>
r T
1 2

-6, 1 1
where G(rl,rz) =-2,4202 x 10 (——K - ——Z) (1-13)
| T2




Then the values of G(ry, r,) for"¥arious ry, rp vélues are
given belov where agein it is &ssumed r) and rp are in kms and h in

thousands of feet.

r, r, G(rl, rz)
km km

.2 .5 1474 x 1072
.5 .75 0031 x 1072
.75 1.1 0006 x 1072
1.1 1.55 00012 x 10™ 2

The above tables show that the secondary correction can be com-
puted sufficiently accurately by integrating only over an area within
5 km of the deflection station in the normal case. The tertiary correc-
tion normally need only be integrated over an area within 1 km of the
deflection station. Indeed, unless the elevation changes involved are
rather large, the A0 p correction can be ignored.

The solution given in equation (1-10), as was the case for the
Stokes' equation, cannot be used within a small central circle around
the deflection station. o attempt was made to obtain a central ring
solution for equation (1-10). It was felt that the assumption that the
area within .2 km (about 600 ft.) of a deflection station is sufficiently
level to introduce no significant error was reasonable,

The first question which naturally arises in carrying out the
deflection interpolation is the question of how far it is necessary to
carry out the numerical integrations of equations (1-8) and (1-9) so
that the ¢; or w; value obtained can be linearly interpolated between
the astro-geodetic stations. The answer to this question depends of
course upon the distance between astro-geodetic stations. Molodensky
et al (1960) suggest that as a minimum the integration be carried out
to a distance from each station equal to the separation of the astro-

geodetic stations. Of course theoretically the further the integration

e S
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is carried out the more nearly linear will be the interpolated
quantity. In both the Test and Application Phases of this gtudy
the integration was carried out to a distance approximately equal to
the separation of the astro-geodetic deflection stations. This
appeared to be adequate to obtain an answer whose accuracy was con-
sistent with the accuracy of the gravity and deflection data used in
the computations and comparisons. Where modern astro-geodetic deflec-
tions are availsble with an accuracy of ,1" or better and a reasonably
dense net of high quelity gravity stations are available, it might be
desirasble to extend the integration over a circular area whose radius
was about twice the distance between deflection stations in order to
‘aim at an interpolation accuracy of between .1" and .2".

In evaluating the integrals of equations (1-8) and (1-9) using the
Rice template and inner circle.method, it is always necessary to decide
the radius of the imner circle. Such a decision must be made in each
case on the basis of the smoothness of the variation of the quantity

being integrated near the deflection station.
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SECTION 2

TEST PHASE - METHOD OF PROCEDURE

In order to test the accuracy of the selected deflection interpolation
procedure, application of the theory to actual data was undertaken. Three
astro-geodetic deflection stations were selected in the western United
States to use in carrying out the test. These were deflection stations 102, -
105, and 116 from USC&GS Special Publication No, 229 (1941).

The test was carried out as follows: the meridional deflection, §,
was considered to be known at stations 116 and 105 and the interpolation
procedure performed to obtain a computed deflection at station 102, This
computed deflection was then compared with the astro-geodetic deflection
at station 102 as & measure of the accuracy of the deflection interpola-
tion procedure.

Steps follcwed in deriving the interrolated deflection values, were
as follows:

1. The area within 65.9 km of each deflection station (through
Rice Ring 37) was chosen as the near area over which equations (1-1)
and (1-2) were to be numerically integrated to obtain §  values.

2. For the area between 4.32 km and 65.9 km, elevati;; contour
maps, scale 1:250,000, were used to obtain average elevations for the
compartments of a Rice template., These average elevations were used
to evaluate the integral of equation (1-9) in this region.

3. To obtain the summation of (1-9) over the area within 4,32 km
of the stations, the following procedure was used. For deflection
stations 116 and 102, an elevation map whose scale was 1:62,500 was
used with a Rice template to pick average elevations for evaluating the
integral between 1.099 km and 4.32 km from the deflection station.

The Rice inner circle procedure employing the three gradient method

was used to compute the effect of the area within 1.099 km of these
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two stations. In the case of deflection station 105, an imner circle
procedure employing the single gradient method was used for the entire
area within 4.32 km of the station since the topography was relatively
smooth near this station.

L., Using the elevation map of scale 1:62,500,average elevations
were determined for use in computing Aep at station 116 employing
equation (1-10). The details of the size of sectors over which averag-
ing was carried out are discussed with the results. Preliminary calcu-
lations showed that the Aer)correction would be negligible at stations
105 and 102, thus it was not computed for these stations.

5. Simple Bouguer anomalies were plotted on a transparent paper
overlay for the 1:250,000 elevation contour maps, Terrain corrections
were then computed using the procedure developed under contract AF 23
(601)-3789 and complete Bouguer anomalies obtained.

6. Using geophysical and geologic information to control the inter-
polation between observation points, a Complete Bouguer anomaly contour
map was prepared on the scale 1:250,000,

T. Using a Rice template, average anomalies for compartments were
determined for the area between k.32 km and 65.9 km and used to evaluate
the integral of equation (1-8) in this area. The Rice inner ring pro-
cedure was used to evaluate (1-8) over the area within 4.32 km of each
station.

8. The final computation of the part of the meridianal deflection,
component, § ~ due to the gravity field of the near area (within 65.9
kn of a staézgn) was made for each station using the results obtained
in the preceding steps.

9. At stations 116 and 105, the deflection contribution of the near

area was subtracted from the astro-geodetic deflections. The result,
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g; was the deflection contribution of the gravity field of the aree
beyond 65.9 km plus the effect of the differences between the gravi-
metric end astro~-geodetic ellipsoids.

10. Using a simple linear interpolation between Stations 116 and
105, the value §§ was determined at Stetion 102, This interpolated
value was then added to the previously computed deflection effect of
the near area §gn at Station 102 to give a computed meridonal deflection
component at Station 102, This was then compared with the astro-geo-
detic value, §g, to test the accuracy of the interpolation procedure.

The above steps give in outline form the menner in which the
deflection interpolation procedure was carried out for the Test Phase
of the Contract. The paragraphs below give additional detalls concern-
ing the computations indicated in the above outline,

Elevation Contour Map Selection

The first step in evaluating the integral of equation (1-9) was
the selection of elevation contour maps from which average elevations
could be determined for the template compartments. The choice of map
scale was controlled by the amount and quality of the gravity data
present. An elevation contour map should be chosen which would allow
the average elevations of the compartments of the template to be deter-

mined with an accuracy such that the quantities 2nkoh computed from them

would be about equal in accuracy to the average Complete Bouguer anomalies

determined for the same compartments. It was felt that the compartment
averages of Complete Bouguer anomely could be determined to an accuracy
of about + 3 mgls. Thus an elevation accuracy of about + 100 ft. was

desired. For the area outside Rice ring 21 (outer radius 4.32 km), the
1:250,000 series of Transverse Mercator Projection maps prepared by the

Army Map Service and scld by the U. S. Geologlcal Survey wes considered

adequate. For the area within 4.32 km of a deflection station, a larger

- -
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scale map was desired. For the present problem the 1:62,500 special
‘opographic quudrangle mepe Af the U, S, J295ozlcal Survey were chesen.

Transverse Mercator Projection maps were used throughout the com-
putations. Transverse Mercator Projection maps cannot, of course, be
used in carrying out world-wide computations, but they are accurate
enough to be used for interpolation computations where only sreus of
1 to 2 degrees square need be used in the integration.

The manner in which the average elevations of the compartments
were determined varied depending upon the size of the compartment and
the ruggedness of the topography. For the smallest compartments and
in level areas the average compartment elevation was estimated directly
by visual inspection. For the larger compartments, particularly where
the topography was rugged, the compartment was divided into a number
of subsections -~ up to nine subsections in the most extreme case.

The average elevations of these subsections were then determined and
themselves averaged to obtain the average elevation for & compartment.

Preparation of Bouguer Anomaly Mep

To obtain the Complete Bouguer anomaly contour map necessary to
use for determination of compartment averages utilizing a Rice template,
the following procedure was chosen. The simple Bouguer anomalies were
first plotted on a transparent tracing paper overlay on the 1:250,000
Transverse Mercator elevation contour maps. Then, using a procedure
developed under contract AF 23(601)-3789, terrain corrections were made
at all stations where it was felt that the correction exceed 1,5 mgls.
The terrain correction procedure is not described here as it will be
found in the final report to contract AF 23(601)-3789. Once the com-
plete Bouguer anomalies had been computed end plotted, the contouring
of the ccmplete Bouguer anomaly map was undertaken. It was at this point

that geologic and geophysical knowledge were interjected. The geologic
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and geophysical knowledge was used to control the interpolation (1.e.,
contouring) between points of observation. The primary utilization of
geologic knowledge was in contouring the gravity data in the Rocky
Mountain Front Range of Colorado and in the area of transition from
the Denver-Julesburg Basin to the Front Range Uplift. To gain insight
into the form the gravity field should have in pessing from the basin
to the uplift, a geologic density section based on aveilable geologic
knowledge was prepared and a gravitational profile computed. Utiliz-
ing these results, the availlsble gravity data, and knowledge of the
location of the fault boundary between the basin and the uplift, the
contouring in this area was carried out. On the western side of the
Front Range uplift not enough information was found to Jjustify numer-
ical computation of the geologic effect. The best that could be done
was to utilize the awvailable geologic knowledge of structural rela-
tions, approximate thiclkness of sediments, and location of recent
Cenozoic intrusives to control the contouring., The geologic control
utilized in the contouring process although largely non-quantitative
rather than quantitative proved highly successful as witnessed by

the results obtained.
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SECTION 3

TEST PHASE - RESULTS

In Tables 1 through 3 of the Appendix are presented the aversge
Complete Bouguer anomalies and average elevations for each compartment
of Rice circles 22 through 37 for the three deflection stations used in
the Test Phase, In each case the results for similar compartments of
each ring were summed and each sum multiplied by the appropriate cosine.
The sum times cosine results were in turn summed to give a single
result for each of the two quantities at each station. The final Complete
Bouguer anomaly result at each station was multiplied by .001 to give
the Complete Bouguer anomaly component in seconds of arc. The final
average elevation result was multiplied first by .03406 to convert tc
mgls and then by .00l to obtain the Bouguex correction contribution to

the gg deflection component. The results are listed below.
n

Station 116
Bouguer Correction Component + 1.290"
Complete Bouguer Anomaly Component + 829"

Station 105

Bouguer Correction Component - 3.659"

Complete Bouguer Anomaly Component - .o8y"
Station 102

Bouguer Correction Component - 3.Ls50"

Complete Bouguer Anomaly Component + 2.012"

For the circular area between the deflection stations and Rice
ring 22 (O to 4.32 xm) the effects of the two components were computed
using such combinations of template summation and central circle compu-

tation as were considered necessary to obtain adequate accuracy.
The Complete Bouguer Anomaly Component was computed at each sta-

tion by a Rice central circle computation. The results of these com-

putations are glven below,
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At Stations 116 and 105 the Complete Bouguer anocmaly contour lines
run almost directly north-south. Thus at these stations the Complete
Bouguer anomaly component for the central circle was found to be zero.

For Station 102, the single gradient method (See Heiskanen and
Vening Meinesz, 1958) was used to get the Complete Bouguer anomaly

component of the inner ring. Using the formula
(bg - bg)

Ax

AE = ,105 r,

and the values z'o = 4,32 km

[}

Ax = 8,64 km Ag = - 219 mgls A4g - 227 m3ls

.8 ‘n
219 + 227) _ o 4w

(-
.105 5

we get AE

The elevation contour map vwhich had to be integrated to obtain the
Bouguer correction component had a more complex contour pattern than the
Complete Bouguer anomaly component and required the use of a combination
of template and central circle computation to evaluate the effect of the
area within 4.32 km of each station. For stations 116 and 102, 1:62,500
scale maps were used with a Rice Template to obtain the Bouguer correc=-
tion component for Rice zones 14 through 21, The results are given in
Tables 4 and 5 of the Appendix. The deflection contributions resulting
from this template summation were

Station 116 + 1,50"

Station 102 - 32"
The smell inner circle of 1.1 km radius was evaluated at each of these
stations using a three gradient methcd. The results given below were

computed using the formula
(bgg - A

)
En” - 0.,003576 r, ———
Ax Ax

E = southward elevation

AE" = 0.105ro

northward elevation

(o]
]

= deflection contribution of central circle

>d
R
1}
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Station 116

P
13,250, x “x\iz,soo

—y—.
.. e

12,900 X 12,400

FOR CENTRAL INTERVAL

Eg - E, = 13,150 - 12,100 = 1050
AX = 2.2 ¥m
and . Ag" = (0.105) (.03L06) 13%§91 = (0.105)(.03406)(525)

883 = (55.12)(.03406) = + 1.88"

FOR RIGHT INTERVAL

B, - B, = (12,400 - 12,600) = - 200
bX = 1.5556
AE"R = (0.105)(1.1) (.O3LI'O6)(- 200) . .506"

1.5556
FOR LEFT INTERVAL

Eg = Bp = (12,900 - 13,250) = - 350
AX = 1.5556
AE™. = (0,10 (l.l)(.03)-|-06)(- 350) = - ,885"
]L (0.205) 1.5556 ?
SIIRENIEY S 3
A% AVERAGE=§(A§C+___.T__

R L) = % (1.88 - (506 Z .885) )

8§ AVERAGE =  (1.88 - .70) = 1 (1.18) = .59"

Station 102

Ty = 1.1 km
6,020

5,970,/\\5,950

6,oou 5,950

5,950




-17-

FOR CENTRAL INTERVAL

E, - E = (5950 - 6020) = - 70
AX = 2,2 kn
- 70
p§ 1 = (0.105)(1.1)(.03k06) {51
Ag "C e 0125

FOR RIGHT INTERVAL
Es - En =0
A§ "R =0

FOR LEFT INTERVAL

Eg - E, = (5970 - 6000) = - 30
bX = 1.5556
85"y = (0.205)(1.1) :03408)(- 30) _ . o6

1.5556
A+ A
Mg AVERACE = % (A% = —R_T). % - .125 - 19“+2.o76))

A§ AVERAGE = % (- .125 - .038) = & (- .163) = - .081
For Station 105 the Bouguer correction component was computed using
the single gradient method for the area within 4,32 km of the deflection
station since the topogreaphy varied in a linear manner near this station.

The results are given below,

6700
6400
ro=h32mm - AX = 8.64 km
(o]
Then A§ " = (,105)(.03406) (6koo 5 6700)
ag" = - (.105)(.03406)(150)
A" = - (.003576)(150)
Ag "N = . .536"

.e
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As pointed out in Section 1, very large changes in elevation are
required very near a station in order for the correction factorA® P to
be sufficiently large to require computation. For this reason only at
Station 116 did the componentAep have a significant contribution to the
final deflection. For this stationABP was computed using equation (1-2)

snd a template with the radii-of .the-rings being as follows:

Inner radius Outer radius
Ring A .2 km 5 km
Ring B o5 km .75 km
Ring C .75 km 1.1 km
Ring D 1.1 km 2.0 km
Ring E 2.0 km 3.0 km
Ring F 3.0 km 4,0 xm

Rings A, B, and C were divided into annular sections of 10
degrees as in the Rice template. Rings D, E, and F were divided into
annular sections of 15 degrees. The area within .2 km was assumed to
have zero contribution.

As stated in Part I of the final report, average elevations obtained
using a Rice template would normally be used so that average elevation
determinations already available from determination of the Bouguer cor-
rection component could be utilized. In the present case, the computa-
tion of the Agb component at Station 116 had already been accomplished
using the template divisions described above before it was decided that
the results of the Rice template computations would have been satisfac-
tory. Thus, this solution was retained since recomputing would not have
contributed to any increase in accuracy. The results of the Aep compu-
tations are given in Tables 6 and 7 in the Appendix. The contribution

of this term to the deflection at Station 116 was - .565".

- -




-19-
With the results given above we are nov in position to carry out
the deflection interpolation. Below is given a summary of the above
results at each station.

Station 116

Bouguer Correction Component (4.32 km to 65.9 km) + 1.290"
Bouguer Correction Component (1.099 lam to 4.32 km) + 1.500"
Bouguer Correction Component (0O to 1.099 km) + 590"

TOTAL Bouguer Correction Component + 3,380"

Complete Bouguer Anomaly Component (4.32 km to 65.9 km) + .829"

Complete Bouguer Anomaly Component (O to 4.32 km) .000"
TOTAL Complete Bouguer Anomaly Component + 829"
A8, Component - JB14"
TOTAL value of §gh' + 3.395"
Station 105
Bouguer Correction Component (4.32 km to 65.9 km) - 3.659"
Bouguer Correction Component (0 to 4.32 km) - .536"
TOTAL Bouguer Correction Component - 4,195"
Complete Bouguer Anomaly Component (4.32 km to 65.9 km) - .084"
Complete Bouguer Anomaly Component (O to k.32 km) .000"
TOTAL Complete Bouguer Anomaly Component - .o8u"
A8p Component - ,000"
TOTAL vlaue of § - k279
Station 102
Bouguer Correction Component (L4.32 ¥m to 65,9 km) - 3.450"
Bouguer Correction Component (1.099 km to’%.32 km) - .320"
Bouguer Correction Component (0O to 1.099 km) - 081"

TOTAL Bouguer Correction Component » - 3.851"
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Complete Bouguer Anomaly Component (L4.32 km to 65.9 lkm) + 2.012"

Complete Bouguer Anomaly Component (O to 4,32 km) + 420"
TOTAL Complete Bouguer Anomaly Component + 2,432"
AGP Component .000"
TOTAL value of § &n - 1.419"

The computation of §sf + A§e glves the following results for the
two stations, 116 and 105, at which astro-geodetic deflections were

assumed known:

Station 116
Astro-geodetic deflection §, + 1.35"
Effect of near region §g + 3,.40"
n
= = 3 - u
§a §gn §gf + Age 2.05
Station 105
Astro-geodetic deflection §a - 5.34"
Effect of near region §g - L, 28"
n
5, -8 = + A§ - 1.06
5. - ggf A5, 1

Figure 3-1 shows the linear interpolation carried out to obtain
a value of §gf + Age for Station 102, The value obtained for Station
102 is

§g. +0E_ = - 1.69

&r
But the value of an computed for Station 102 was - 1,42"., Thus
the interpolated deflection for Station 102 is
%a =~ 1,59" - 1.h2" = - 3.,21"
The astro-geodetic deflection for Station 102 is - 2.89". Thus the
interpolated deflection value and the observed deflection value differ

only by .22".
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SECTION L

APPLICATION PHASE - METHOD OF PROCEDURE

In order to test the epplicability of the deflection interpolation
procedure developed under this contract to general usege in all areas
of the world the procedure was used to interpolate deflections of the
vertical in the European Alps. Gravity data and astro-geodetic deflec-
tions for this phase of the study were provided by ACIC. The gravity
data consisted of 2000 gravity stations located over eleven 1° x 1°
squares in the European Alps. The astro-geodetic deflection stations
vhere selected 1n conjunction with ACIC from stations shovn on a con-
tour map of T deflection components. These astro-geodetic stations were
for convenience labeled i1, #2, and #3. Their location as determined by

scaling from the contour maps were as follows:

Station #1 Lat. 47° 22.5'N Lonz. 8° WO.S'E
Station 2 Lat. 47° 22.5'N Long. 9° 01.5'E
Station #3 Lat. 47° 22.5'N Tong. 9° 39.0'E

Because of the large number of gravity stations and the excellent
elevation data available it was hoped that the application of the present
deflection interpolation procedure in the Alpine area would provide an
excellent test of the method, However, the test did not prove as con-
clusive as was first hoped. There were two primary reasons for this,
First, the form in which the astro-geodetic information was available
placed a limit on the extent to which the accuracy could be tested. The
values of the astro-geodetic deflection components could be determined
from the contour maps only to an accuracy of about + .5". Thus it was
only possible to determine if the accuracy of the interpolated deflection
was within the range of the cumulative uncertainty which was approximately

+ 1.0". Also, because of the scale of the deflection contour map,
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1 inch = 70 km, uncertainty of about * 1.0' exists in the location
of the stations as scaled from these maps. This introduces uncertain-
ties into the computed Tbn components which are estimated to be in the
range of .1" to .3".

A second problem encountered was in the distriubtion and accuracy
of the gravity data. It was originally anticipated that the 2000
stations would lie approximately within a 3° X 39 square or nine 1°x 1°
squares. Instead the data was located within eleven 1° x 1° squares.,
Moreover, nearly half the stations, about 900, were located within one
15' X 15' square area., After plotting of the data and computation of
the terrain corrections an attempt was made to contour the data. At
this time, two more problems were encountered. First, it was found that
at many stations there were two gravity anomaly values given which
differed by 2.0 mgls. A check of latitude, longitude, and elevation
data showed that thils discrepency evidently resulted from the listing
of the same survey twice with different base values used for each
listing. One set of values was chosen and the other set rejected on the
basis of comparisons with other stations.

Second, it was found that in some places closely spaced stations
differed by several tens of milligals. Also in certain areas where only
a few stations occurred, it was found that contouring using the available
data produced a gravity anomaly contour map which had no apparent rela-
tion to geology and, in fact, appeared to crosscut geologic structure.
Such a grevity pattern appeared to be highly unlikely. The cause of
the above discrepencies was traced to certain series of very old pre=-1900
pendulum data. This data was in error by amounts up to 50 mgls, This
series of stations was discarded and the contour map redrawn. However,
because of the factors listed above, there were left available for con-

touring the complete Bouguer anomaly map even fewer useful data points

_— - .
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than had been available for the Test Phase.

The above factors although disappointing in one sense do tend to
emphasize certain useful facts. Foremost is the fact that vwhere obser-
vational data is suspect, the employment of geologic knowledge can lead
to criteria for acceptance or rejection of the data. Second is the fact
that even a very small amount of accurate data when judiciously handled
will give reasonably good deflection results.

Since the details of procedure for the Application Phase of the
contract were similar to those of the Test Phase they will not be
brought out here. Certain special details do, however, merit mention.

The area used in computation of the “gn components is somevhat
smaller than would normally be used if precise answers were desired.

That is, if one were attempting .1" accuracy with plentiful gravity data,
integration should be carried out over several additional Rice rings than
were used in the present case., Considering the accuracy of the astro-
geodetic data, however, such an extension in the integration area would
not be expected to yield any additional useful information in the present
case, In fact, as a check, the integration was extended through an
additional Rice ring (ring 37) after all the tables included in this
report had been completed.

These extensions changed the actual values of n&n by amounts in
the range .1" to .2" and altered the interpolated ﬂ; value by less than
.1". This indicated that the range of change to be expected by exten-
sion of the area of integration was so small as to be of gquestionable
meaning considering the sparse gravity control. In any case, the uncer-
tainty in the astro-geodetic deflections precludes any meaningful inter-
pretation of the effect of including the additional area on the accuracy

of interpolated deflections.
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The elevation contour maps used for the determination of average
compartment elevation in areas beyond 4.32 km from deflection stations
were Army Map Service 1:250,000 Transverse Mercator Projection maps,
series 1959. For the area within 4,32 km of the deflection stations,
German 1:50,000 scale elevation contour maps were used to estimate

average elevations,
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SECTION 5
APPLICATION PHASE - RESULTS

The results of the Application Phase of the Contract are
outlined here with the various tables given in the Appendix.

The Bouguer Correction Component for all three stations was com-
puted for the area between 4.32km and 55.66km using the 1:250,000
scale maps, The Complete Bouguer Anomaly Component was computed
using the Complete Bouguer anoma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>